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(54) Ink level sensing method and apparatus 

(57) An ink cartridge (10) of a printer (54) includes 
first and second electrodes (16 and 18) on opposite 
sides of an ink reservoir (13). Level of ink in the reservoir 



(1 3) may be measured by applying a sense signal to the 
first electrode (1 6), detecting a signal at the second elec- 
trode (18), extracting DC content of the detected signal, 
and using the DC content to determine the ink level. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates generally to ink 
jet printers. More particularly, the present invention re- 
lates to ink level sensing for printers utilizing ink jet car- 
tridges and ink reservoirs. 

[0002] An operational consideration for printers utiliz- 
ing ink reservoirs and cartridges is the level of ink in the 
cartridges. Sensing the ink level is performed so that the 
printer does not attempt to print without ink. Operation 
of Inkjet and other types of printers without ink can dam- 
age the printer's print head. 

[0003] In thermal ink jet printers, printing is performed 
by boiling ink and shooting the ink through very small 
nozzles hundreds or even thousands of times per sec- 
ond. Printing without the ink, the print head - a complex 
electro-mechanical system containing hundreds of noz- 
zles, heating elements, barriers, ink flow channels, and 
underlying circuits - would be irreparably damaged. 
[0004] In the past, printing without ink was not a press- 
ing concern because useful life of the print heads was 
short. By the time the ink was depleted, the print head 
usually needed to be replaced. After depletion of the ink, 
the entire cartridge, including the print head, was dis- 
carded. Thus, the old ink jet cartridges were built as dis- 
posable units. 

[0005] More recently, however, the print heads are be- 
ing built as reusable units. The print heads are able to 
last beyond the depletion of the ink. Because the print 
head is relatively expensive as compared to the ink, it 
is becoming increasingly common to replenish the ink 
rather than to discard the print head. For this reason, 
printing without ink should be avoided so as to avoid 
damaging the print head. 

[0006] Additionally, operation of a printer with a de- 
pleted ink supply may lead to loss of important informa- 
tion. Forexample, a printer printing a facsimile message 
may receive the transmitted information and operate as 
if the received information is being printed. If the ink is 
depleted, the information is never printed. Unless the 
receiver can ask the sender to retransmit the fax, the 
information is irretrievable. 

[0007] Knowing the exact ink level of the ink cartridge 
may be important under other considerations. For in- 
stance, before beginning a large print job, it would be 
useful to know whether the remaining ink is sufficient to 
finish the print job. If the amount of ink is insufficient, the 
ink cartridge can be replaced or replenished to avoid 
wasting time, paper, and effort of unsuccessfully at- 
tempting to print the large print job. 
[0008] The ink level of foam-filled ink containers may 
be sensed by measuring the opacity of an open area 
within the foam. The measurement is made with a light 
source and a photodetector. The ink level is sensed at 
only one location within the reservoir. Therefore, ink lev- 
el above or below the sensing point cannot be deter- 



mined. Additionally, this optical technique depends up- 
on the ink level changing within the foam in a known 
manner, and gives erroneous readings in some circum- 
stances. For example, a partially full cartridge stored for 
5 some time on its side may provide erroneous readings. . 
[0009] There is a need to detect the level of ink re- 
maining in the ink reservoir. 

SUMMARY OF THE INVENTION 

10 

[0010] According to one aspect of the invention, an 
ink cartridge for a printer includes a housing defining an 
ink reservoir; a first electrode proximal to the reservoir; 
and a second electrode proximal to the reservoir. The 
is electrodes are spaced apart for ink level measurement 
of the reservoir. 

[0011] Other aspects and advantages of the present 
invention will become apparent from the following de- 
tailed description, taken in conjunction with the accom- 
20 panying drawings, illustrating by way of example the 
principles of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 [0012] 

Figure 1 is a sectional view of an ink cartridge in 
accordance with a preferred embodiment of the 
present invention; 
30 Figure 2 is an illustration of a representative circuit 
for demonstrating electrical characteristics of af luid 
reservoir; 

Figure 3 is a flowchart of a method of measuring ink 
level in accordance with the present invention; 
35 Figure 4 is an illustration of a filter circuit in accord- 
ance with a preferred embodiment of the present 
invention; 

Figure 5 is a plot of percent ink level verses digital 
signal value of a sample ink cartridge; 
40 Figure 6 is an illustration of a printer including the 
ink cartridge; 

Figure 7 is a sectional view of an alternative embod- 
iment of an ink cartridge in accordance with the 
present invention; 
45 Figure 8A is a sectional view of another embodi- 
ment of an ink cartridge in accordance with the 
present invention; 

Figure 8B is a sectional view of yet another embod- 
iment of an ink cartridge in accordance with the 
so present invention; and 

Figure 9 is an illustration of a printer having a fluid 
reservoir receptacle in accordance with the present 
invention. 

55 DETAILED DESCRPTION OF THE INVENTION 

[0013] As shown in the drawings for purposes of illus- 
tration, the present invention is embodied in a method 
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of and apparatus for detecting the level of ink remaining 
in an ink jet cartridge. If the ink level is found to be very 
low, operation of the printer can be halted to prevent 
damage to the print head. The ink level measurement 
can also be used to determine the remaining lifetime of 
the ink, thus allowing for prudent scheduling of print 
jobs. Additionally, measuring the ink level of the car- 
tridge can prevent loss of valuable information. 
[0014] Referring to Figure 1, an ink jet cartridge 10 
includes a housing 12 and a print head 14. The housing 
12 defines a reservoir 13 for ink. The ink may be liquid, 
solid, or foam-filled. A first electrode 16 is located 
against a first side of the housing 1 2 and a second elec- 
trode 1 8 is located against a second side of the housing 

12. The second side may be the opposite the first side. 
The electrodes 1 6 and 1 8 are made of electrically con- 
ductive material that can be patterned. The electrodes 
16 and 18 need not be very thick. In fact, the electrodes 
1 6 and 18 may be thin as practical, and may be applied 
on the housing 12 as conductive paint. In experiments, 
electrodes of 0.5 mils think have been used successful- 
ly. Further, the electrodes 16 and 18 may extend from 
the top of the reservoir 1 3 to the bottom of the reservoir 

13. In this configuration, the reservoir's ink level may be 
measured from full to empty. Otherwise, there is little, if 
any, restrictions on the size or the shape of the elec- 
trodes 16 and 18. 

[0015] Dielectric material 19a and 19b may be used 
to coverthe electrodes 16 and 1 8 : respectively. The cov- 
erings 19a and 19b protect the electrodes 16 and 18 
from the ink in the reservoir 1 3 and prevent electrolysis 
or other chemical reactions between the ink and the 
electrodes 16 and 18. The dielectric material 19a and 
1 9b may be KAPTON® tape of sufficient thickness. The 
dielectric material 1 9a and 1 9b may be less than 30 mils 
thick. The dielectric material 1 9a and 1 9b should be thin 
as practical yet thick enough to prevent electro-chemical 
reactions between the electrodes and ink. For example, 
the dielectric coverings 19a and 19b may be three (3) 
mils thick. The cartridge 10 may include memory 15 for 
holding lookup tables and other information. The mem- 
ory 15 and lookup tables are discussed further below. 
[0016] A sense signal is applied to the first electrode 
1 6, and a signal is detected at the second electrode 1 8. 
The detected signal is different than the sense signal 
applied to the first electrode 16 due to various factors. 
For example, -the sense signal travels the distance be- 
tween the first electrode 16 and the second electrode 
1 8. Depending upon the electrical properties of the die- 
lectric 19a and 19b, the dielectric 19a and 19b and the 
electrodes 16 and 18 may exhibit capacitor-like proper- 
ties. Furthermore, the sense signal is altered due to the 
amount and the electrical properties of the ink of the res- 
ervoir 1 3. The ink of the reservoir may be characterized 
as presenting Resistance^Capacitance ("RC") circuits 
to the sense signal. 

[0017] Figure 2 illustrates electrical characteristics of 
the ink reservoir 13 of the ink cartridge 10. The ink jet 



cartridge 10 can be analogized as a RC circuit. A ca- 
pacitance formed between the first electrode 16 and its 
covering dielectric 1 9a is represented by a first capacitor 
20a. Another capacitance formed between the second 
5 electrode 1 8 and its covering dielectric 1 9b is represent- 
ed by a second capacitor 20b. The ink provides resist- 
ance, as represented by a resistor 22. The ink in the 
reservoir 13 also provides capacitance that is represent- 
ed by a capacitor 24.. 
w [0018] The resistor 22 and the capacitors 20a, 20b, 
and 24 are not actually present in the ink reservoir 13 
and are provided merely to illustrate the electrical prop- 
erties within the ink reservoir 1 3. The resistor 22 and the 
capacitors 20a, 20b, and 24 are illustrated as variable 
components because, as the ink level drops, the repre- 
sentative values of these components vary. For exam- 
ple, as the ink level drops, the representative value of 
the resistor 22 increases, 

[0019] The resistance of the ink reduces the current 
flow between the electrodes 1 6 and 1 8 and causes a 
voltage drop between the electrodes 1 6 and 1 8. The ca- 
pacitance - represented by the capacitors 20a, 20b, 
and 24 - causes a phase shift between the voltage and 
the current between the electrodes 16 and 18. The de- 
gree of the phase shift depends upon the relative value 
of the total capacitance to the value of the resistance. 
[0020] The resistances and capacitance of the ink jet 
cartridge 10 depend upon various factors. These factors 
include, but are not limited to, the following: the topology 
of the reservoir; the inherent electrical characteristic of 
the ink contained therein; the size and the shape of the 
electrodes 1 6 and 18; the material from which the elec- 
trodes 1 6 and 1 8 are made; the electrical characteristics 
of the dielectric used; and the amount of ink remaining 
in the cartridge 10. ' 

[0021 ] When the ink is depleted, the reservoir 1 3 acts 
as an open circuit with the resistor 22 having theoreti- 
cally an infinite value and the capacitors 20a, 20b, and 
24 having no effect. On the other hand, when the ink is 
full, the reservoir 13 has the lowest resistance and the 
highest capacitance. The exact, numerical value for the 
"lowest resistance value" of the resistor 22 and the ex- 
act, numerical value for the "highest capacitance value" 
of the capacitors 20a, 20b, and 24 depend upon various 
factors some of which are listed above, and can be ob- 
tained by experimental or other methods. 
[0022] Figure 3 is a flowchart 26 illustrating the steps 
for measuring the ink level of the reservoir 13. When a 
measurement of the ink level is desired, the sense signal 
is applied to the first electrode 16. This step is repre- 
sented by block 28. 

[0023] The sense signal may be applied by an oscil- 
lator connected to the first electrode 1 6. In the preferred 
embodiment, the oscillator may include a clock circuit 
commonly found in most printers and other electronic 
devices. Such clock circuits typically produce a square- 
wave DC signal at a predetermined frequency. Thus, a 
square-wave DC signal may be used as the sense sig- 
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nal. Alternatively, an AC signal may be used- as the 
sense signal. The sense signal is detected at the second 
electrode 18 (block 30) and the detected signal is con- 
verted to an ink level measurement (block 32). During 
conversion, the detected signal is filtered by a filter cir- 
cuit into a filtered signal (block 34). The filtered signal is 
then converted to a digital signal (block 36). This is typ- 
ically performed using an analog-to-digital converter 
(ADC). Finally, the value of the digital signal is used to 
determine the ink level (block 38). 
[0024] The conversion of the digital signal value to the 
fluid level measurement may be performed at least two 
different ways. The digital signal value may be convert- 
ed to the fluid level by using a correlation table. The cor- 
relation table would list signal values within the range of 
expected digital signal values, and it would relate each 
of the listed signal values to a fluid level. 
[0025] Alternatively, the fluid level may be determined 
by calculating a fluid level using coefficient values from 
a coefficient table. In this implementation, the digital sig- 
nal value is correlated to a set of coefficients using a 
coefficient table. The coefficient table would list signal 
values within the range of expected digital signal values, 
and it would relate each of the listed signal values to a 
set of coefficients to be used .for the calculation of the 
fluid level. The correlation table and the coefficient table 
are referred to generically as a "lookup table." The co- 
efficients would probably be different for each design of 
the reservoir. The equation depends upon, at minimum, 
the geometry and size of the reservoir and the elec- 
trodes, and also depends upon the type of fluid used. 
[0026] The ink level measurement may be performed 
continuously or periodically. The period of time between 
the measurements may vary from less than a second to 
several minutes or even hours. Many factors are con- 
sidered to determine the period of time between the 
measurements including, without limitation, size of the 
cartridge, rate of the usage, activities of the printer, etc. 
Also, the period of time between the measurements may 
vary in accordance with the ink level. For example, the 
inkjevel maybe measured more often when the ink level 
falls below a predetermined threshold such as ten per- 
cent of capacity. 

[0027] Figure 4 illustrates a filter circuit 40 for filtering 
the detected signal. The filter circuit 40 is a simple low 
pass filter that may be implemented in many different 
configurations. A preferred embodiment of the filter cir- 
cuit 40 includes a current sense resistor 42 connected 
between the second electrode 18 and ground. A diode 
44 is connected between the current sense resistor 42 
and a voltage sense capacitor 46. The voltage sense 
capacitor 46 is connected between the diode 44 and 
ground. The current component of the detected signal 
appears as a sense voltage across the current sense 
resistor 42. This sense voltage is rectified by the diode 
44, and the peak value appears across the voltage 
sense capacitor 46. Thus, the resistor 42, the diode 44, 
and the capacitor 46 work together to attenuate AC com- 



ponents of the detected signal. The remaining DC volt- 
age component of the detected signal is the filtered sig- 
nal. 

[0028] The filtered signal may not be linearly related 
5 to the ink level as indicated by the data curve 52 of Fig- 
ure 5. Figure 5 illustrates percent ink level verses digital 
signal value of an experimental ink cartridge. An X-axis 
of the diagram 50 indicates digital signal values. An Y- 
axis of the diagram 50 indicates percent ink level within 
the experimental ink cartridge's reservoir. An 8-bit ana- 
log-to-digital converter ("ADC") can produce digital sig- 
nal values ranging from 0 to 255. The data curve 52 
shows that when the ink cartridge 1 0 is full, a digital sig- 
nal value of about 220 is produced from the detected 
signal. Th e data curve 52 also shows that the digital sig- 
nal value is zero when the ink cartridge 10 is empty. 
[0029] Figure 5 shows that, for a given change in per- 
cent ink level, change in digital signal values at low ink 
levels is larger compared to change in the digital signal 
values at high ink levels. This increased sensitivity at 
low ink levels provides for increased accuracy at low ink 
levels. This is desirable because accuracy at low ink lev- 
els is more useful in the process of determining whether 
or not to refill or replace the reservoir. 
[0030] Figure 6 illustrates a printer 54 including the 
ink cartridge 1 0 in accordance with the present inven- 
tion. The printer 54 has a processor 56 connected to 
various printer subsystems such as a paper motor drive 
58 and printer control panel 60. The printer 54 is typically 
connected to a host computer (not shown) through a 
communication port 62. The host computer sends, via 
the communications port 62, jobs for printing. The print- 
er 54 sends, via the communications port 62, various 
status messages including ink levels of cartridges within 
the printer. 

[0031] The printer 54 includes a clock 64 for providing 
the sense signal to the cartridge 10. The sense signal 
from the clock 64 may be controlled by a switch 66. A 
logical AND gate may be used as the switch 66. The 
other input to the switch (AND gate) 66 may be a control 
signal from the processor 56. Using the switch 66, the 
processor 56 controls when the sense signal is applied 
to the cartridge 10. The sense signal is applied to the 
first electrode 1 6 when ink level measurements are be- 
ing performed. 

[0032] The printer 54 includes the filter circuit 40, 
which is connected to the second electrode 18 of the 
cartridge 1 0. An ADC 68 receives the filtered signal and 
converts it to a digital signal. The processor 56 reads 
the digital value and converts it to ink level measure- 
ment. 

[0033] As discussed above, the conversion of the dig- 
ital signal value to the ink level measurement may be 
performed by using a lookup table 32. The lookup table 
72 may be stored within a storage 70 that is accessible 
by the processor 56. The values for the lookup table 72 
may be predetermined via experimental or other meth- 
ods. The storage 70 may be ROM, RAM, magnetic disk, 



15 



20 



25 



30 



35 



40 



45 



50 



4 



1125748A1 I 



7 



EP1 125 748 A1 



8 



or any suitable machine-readable media including a 
combination of two or more types of such media. The 
lookup table 72 may be a correlation table or a coeffi- 
cient table. For a correlation table, the first column may 
list signal values and the second column may list corre- 
sponding fluid level. For a coefficient table, the first Col- 
umn may list signal values and the second column may 
list corresponding coefficient values to be used in cal- 
culating the fluid level. 

[0034] Alternatively, the lookup table 72 may be 
placed within memory 1 5 attached to the cartridge 1 0. 
Such memory 15 is usually programmable and can be 
read by the printer once the cartridge 10 is installed. 
Memory chips can be programmed with information re- 
lating the predicted ink level response of the printer's 
circuitry for that specific cartridge. For instance, the 
memory chips can Include the lookup table, which would 
allow a processor to determine ink level from the digital 
signal values. In this way, the particular design of the 
cartridge 1 0 may be changed to suit engineering or mar- 
ket needs and the printer will be able to continue to ac- 
curately detect ink levels of varying ink cartridges. 
[0035] The printer 54 may include a remote ink supply 
11 , which is remote to the cartridge 10. The remote ink 
supply 11 may contain a larger supply of ink than the 
cartridge 10. When the ink within the cartridge 10 falls 
below a predetermined level, the remote ink supply 11 
may be used to refill the cartridge 10 (a refill mechanism 
is not shown in Figure 6). The remote ink supply 1 1 may 
also include a first electrode 11a for receiving the sense 
signal and a second electrode 11 b for receiving the de- 
tected signal. Although connections to the electrodes 
1 1 a and 1 1 b of the remote ink supply 11 are not shown 
in Figure 6, the electrodes 1 1 a and 1 1 b may be connect- 
ed in the same manner as the electrodes 16 and 18 of 
the cartridge 10. The remote ink supply 11 may also in- 
clude memory 11c for holding lookup tables and other 
information. 

[0036] The printer 54 may send the ink level meas- 
urement to a computer connected to the printer 54 via 
the communications port 62. The ink level measurement 
may be sent when, for instance, the ink level is below a 
predetermined threshold. Alternatively, the host compu- 
ter may request the ink level measurement each time a 
print job is sent to the printer 54 from the host computer. 
The host computer may monitor the ink level during a 
print job to ensure a successful completion of the print 
job. 

[0037] Ink level information may be made available 
via the control panel 60. A user may demand an ink level 
measurement using the control panel 60. In response, 
a precise ink level measurement is displayed by the con- 
trol panel 60. When the ink level is below a predeter- 
mined threshold, the control panel 60 may be used to 
display a warning message. The warning message may 
appear whether or not link level status was requested. 
[0038] Figure 7 shows the first electrode 1 6 on a first 
side of the cartridge 10 and the second electrode (not 



shown) on an opposite (second) side of the cartridge 1 0. 
The second electrode may have the same configuration 
as the first electrode.The first electrode 1 6 is not uniform 
in width, but has portions of differing widths. The first 

5 electrode 16 has top, middle and bottom portions 16a, 
16b and 16c. The top portion 16a is narrowest, and the 
bottom portion 1 6b is widest. The portions having differ- 
ent widths define different areas. This design has sev- 
eral advantages. When the ink is low, the ink level de- 

10 tection system is most sensitive and accurate (because 
the bottom portion 1 6c is widest, or have larger relative 
area). 

[0039] Moreover, abrupt changes in the measure- 
ment can be used to determine exact level of the fluid 

is jn the reservoir 13. When the ink level falls from Level 
A to Level B, there would be a relatively proportional 
change in the detected signal. However, when the Ink 
level falls from Level B to Level C, the change in the 
detected signal is abrupt. Such abrupt changes can be 

20 recognized by the processor 56 to detect the exact level 
of the ink in the reservoir since the precise location of 
the change in the width of the electrodes is known. 
[0040] Although specific embodiments have been de- 
scribed and illustrated, the invention is not limited to the 

25 specific forms of arrangements of parts so described 
and illustrated. 

[0041] For example, use of the dielectric coverings 
19a and 19b is preferred but not required. Electrolysis 
between the electrodes 16 and 18 and the ink can be 

30 minimized, without the dielectric tape 19a and 19b, by 
selecting a sufficiently high frequency signal as sensing 
signal utilized for the present invention. 
[0042] The sense signal may be an AC signal or a DC 
square wave signal. The specific frequency may becho- 

35 sen with relatively broad latitude; however, choosing a 
frequency where both the resistive and capacitive prop- 
erties contribute can maximize sensitivity of the detec- 
tion system. That is where the current-voltage phase an- 
gle difference is around 45 degrees. 

40 [0043] Figure 8A shows a cartridge 1 0d in which elec- 
trodes 16d and 18d are built into, or embedded within, 
walls of a reservoir housing 1 2d. Figure 8B shows a car- 
tridge 10e in which the electrodes 16e and 18e are 
placed outside reservoir housing 12e. 

45 [0044] Figure 9 illustrates an appliance 54a having an 
ink cartridge receptacle 86 for an ink reservoir 88. The 
appliance 54a may also include many of the same the 
components 40, 56, 58, 60, 62, 64, 66, 68 and 70 as the 
printer 54 of Figure 6. A first electrode 90 may be placed 

so on a first side of interior of the receptacle 86, and a sec- 
ond electrode 92 may be placed on a second side of the 
interior of the receptacle 86. In an alternative implemen- 
tation, the electrodes 90 and 92 may be embedded with- 
in the walls of the receptacle 86. Because the electrodes 

55 90 and 92 are a part of the receptacle 86, they may be 
used to detect other fault conditions such as a condition 
where the reservoir is not installed. 
[0045] The present invention may be implemented as 
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an ink jet cartridge, ink reservoir, remote ink supply, and 
a printing system or appliance with improved reservoir 
receptacle. However, the present invention may be im- 
plemented in other contexts, For example, the present 
invention may be implemented as an apparatus meas- 
uring fluid level within a canister containing beverage, 
syrup, or other food or chemicals. 
[0046] Accordingly, the present invention is not limited 
to the embodiments described above. Instead, the 
present invention is construed according to the claims 
that follow. 

Claims 

1 . A printer (54) comprising: 

a fluid reservoir (13); 

a first electrode (16) placed proximal to a first 
side of the reservoir (13); 
a second electrode (1 8) placed proximal to a 
second side of the reservoir (13), the second 
side being opposite the first side, 
ah oscillator (64) for providing a sense signal 
to the first electrode (1 6); and 
a filtering circuit (40) for removing ac content 
from a signal detected at the second electrode 
(18). 

2. The printer recited in claim 1 wherein the oscillator 30 
(64) is a system clock, and wherein the sense signal 

is a square wave DC signal. 

3. The printer recited in claim 1 further comprising a 
processor (56) for converting the filtered signal to 35 
an ink level measurement. 

4. The printer recited in claim 3, further comprising 
storage (70) encoded with a lookup table (72); and 
wherein the processor (56) uses the lookup table *o 

, (72) to correlate filtered signal values to ink level 
measurements. 

5. The printer recited in claim 1 , wherein the reservoir 
(13) is contained within an ink cartridge (10, 10d, «5 
10e). 

6. The printer recited in claim 1 wherein the reservoir 
is contained within a receptacle (86) 

so 
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